Introduction {#Sec1}
============

Cervical cancer is the fourth most common cancer in women according to the World Health Organization. In Japan, there are 13,000 new cases of cervical cancer and 3500 cervical cancer-related deaths every year \[[@CR1], [@CR2]\]. Thus, cervical adenocarcinoma has become a major health concern among women because of its high prevalence and poor prognosis. Adenocarcinoma accounts for approximately 10--25% of uterine cervical cancer cases \[[@CR1]--[@CR4]\]. In Japan, cervical adenocarcinoma is one of the primary health problems in young women because the morbidity and mortality associated with it have increased in the past 2 decades \[[@CR5]\].

Recently, several studies have reported new immunotherapy options for cancer that effectively stimulate the host immune response to eliminate tumor cells. For example, treatment with nivolumab or pembrolizumab, antibodies against programmed cell death-1 (PD-1), has markedly improved the overall survival of patients suffering from malignant tumors with poor prognoses. However, as these immune checkpoint inhibitors are effective only against a few types of cancers, only a small percentage of cancer patients benefit from their use. Therefore, there is a crucial need to identify potential markers that can predict the success of these new immune therapies. To achieve this goal, many studies have investigated the tumor microenvironment and clarified the mechanisms of immunoediting and tumor immunogenicity, as well as the composition of the tumor-infiltrating cells, such as lymphocytes and macrophages.

Furthermore, several studies have investigated whether PD-1 can be used as a predictive biomarker of disease treatment success or as a predictor of poor prognosis. The effectiveness of immunotherapy alone or as a combination therapy in cervical adenocarcinoma has not been demonstrated yet. Thus, in this study, we aimed to investigate whether the expression levels of PD-L1, PD-1, and CD8 can predict the prognosis of cervical adenocarcinoma patients and their response to immune-checkpoint inhibition therapy.

Materials and methods {#Sec2}
=====================

Tissue samples {#Sec3}
--------------

Tissue samples were obtained from the Department of Obstetrics and Gynecology at Shimane University School of Medicine (Shimane, Japan) and Seirei Hamamatsu Hospital (Shizuoka, Japan) between 2003 and 2017. A total of 82 samples (obtained during surgery or biopsy) were collected from patients with uterine cervical adenocarcinoma. The diagnoses were confirmed by an expert gynecopathologist in our institution. Most patients were primarily treated with surgery and received adjuvant therapy, such as chemotherapy, radiotherapy, or concurrent chemoradiotherapy (CCRT) with cisplatin (weekly dose of 40 mg/m^2^). Clinical information was obtained, retrospectively, from electronic medical records. The acquisition of tumor tissues was approved by the Shimane University Institutional Review Board (IRB No. 20070305-1 and No. 20070305-2).

Immunohistochemical analysis {#Sec4}
----------------------------

The expression levels of PD-1, PD-L1, and CD8 were evaluated by immunohistochemical analysis (IHC). Formalin-fixed and paraffin-embedded (FFPE) Sects. (4 μm thick) were dewaxed in xylene and hydrated in graded alcohol solutions. After antigen retrieval in a sodium citrate buffer, the slides were incubated overnight at 4 °C with antibodies against CD-8 (1:100; Roche, Basel, Switzerland), PD-L1 (ab205921, Abcam, Cambridge, United Kingdom), and PD-1 (Roche). One pathologist blinded to the clinicopathologic factors evaluated the samples under a light microscope.

PD-1 and CD8 levels on the surface of lymphocytes were detected in the microenvironment of the tumor. PD-L1 expression was detected on the tumor cell plasma membrane or in the cytoplasm.

IHC of PD-1, PD-L1, and CD8 {#Sec5}
---------------------------

For PD-1, tumors with staining in ≥ 5% of the tumor-infiltrating lymphocytes were considered positive. For PD-L1, tumors with staining in ≥ 5% of the tumor cells (membranous and cytoplasmic staining) were considered positive.

The density of tumor-infiltrating lymphocytes was stratified into two categories by CD8: 0; undetectable, 1 + ; low density (0--30%), 2 + ; moderate--high density (≥ 30%). Cases that were 2 + were counted as positive in our analysis.

Statistical analyses {#Sec6}
--------------------

Analysis of the correlation between PD-1, PD-L1, and CD8 expression and clinicopathological characteristics was performed using the chi-squared test. Furthermore, correlations between the expression levels of each of these three proteins were determined using the chi-squared test. The progression-free survival (PFS) and overall survival (OS) rates were analyzed with the Kaplan--Meier method using the log-rank test.

Univariate and multivariate Cox proportional hazard regression models were used with binomial logistic regression for ordered categorical variables. Statistical calculations were performed using IBM SPSS (IBM, Armonk, NY, USA), version 23. A *P* value \< 0.05 was considered statistically significant.

Results {#Sec7}
=======

Clinical and pathological features {#Sec8}
----------------------------------

The patients' clinicopathological characteristics are summarized in Table [1](#Tab1){ref-type="table"}. In the present study, the clinical stages were determined according to the guidelines of the International Federation of Gynecology and Obstetrics (FIGO): stages IA, IB1, IB2, IIA, IIB, IIIB, and IVB were observed in 5, 36, 12, 5, 14, 8, and 2 cases, respectively. The patients were initially treated as follows: 72 patients underwent radical hysterectomy followed by adjuvant therapy such as concurrent chemoradiotherapy (CCRT). In Japan, radical hysterectomy has always been considered the standard treatment strategy for locally advanced cases, such as cases of stage 1B2, 2A, and 2B disease. Radical hysterectomy was performed for all patients with a surgical resection margin of 1--2 cm. The surgical margin was confirmed in all patients, and the number of isolated lymph nodes (LNs) was more than 20. Nine patients with advanced stage cancer were initially treated with CCRT. One patient underwent chemotherapy without surgery because of multiple distant metastases. Radiotherapy (whole pelvic irradiation) or chemotherapy (paclitaxel 175 mg/m^2^ and carboplatin area under the curve = 5 mg/m^2^) was performed postoperatively in patients with a high recurrence risk (locally advanced stage, non-SCC histology type, bulky tumor (≥ 4 cm), deep infiltration depth of the cervical tumor (grade 2 or 3), lymph node metastasis, or lymphovascular space invasion).Table 1Characteristics of the patients with cervical adenocarcinomaNumber of patients*n* = 82Age (years) median (range)50.4 (30--85)FIGO stage *n*, (%) IA5 (6.1) IB48 (58.5) IIA5 (6.1) IIB14 (17.1) IIIA0 IIIB8 (9.8) IVA0 IVB2 (2.4)Tumor size (cm) median (range)32.7 (0--80) Unknown5Tumor size \< 4 cm49 (59.6) ≥ 4 cm33 (40.4)LVI Yes39 (47.6) No29 (35.4) Unknown14 (17.0)Metastatic paraaortic LN Yes17 (20.7) No65 (79.3)Metastatic pelvic LN Yes3 (3.7) No79 (92.3)Metastasis distance Yes1 (1.2) No81 (98.8)TreatmentOperation only24 (29.2)Operation + adjuvant (RT or CCRT or CT)48 (58.5)Radiotherapy (RT, CCRT)8 (9.8)Chemotherapy2 (2.5)Recurrence within 5 years Yes20 (24.4) No60 (75.6)Death within 5 years Yes19 (23.2) No63 (76.8)*LVI* lymphovascular invasion, *RT* radiotherapy, *CCRT* concurrent chemoradiotherapy, *CT* chemotherapy

The chemotherapy regimens adopted were paclitaxel plus carboplatin, paclitaxel plus cisplatin, docetaxel plus carboplatin, irinotecan plus cisplatin, and gemcitabine. In the CCRT regimen, cisplatin was administered weekly in 5--6 courses of 40 mg/m^2^.

Figure [1](#Fig1){ref-type="fig"} shows representative cases that were positive or negative for PD-1, PD-L1, and CD8 expression.Fig. 1**a**--**f** HE staining and immunohistochemical analysis of the specimens from patients with cervical adenocarcinoma. **a**, **b** Immunostaining of PD-1. A, positive expression of PD-1; B, no expression of PD-1. **c**, **d** Immunostaining of PD-L1. C, positive expression of PD-L1; D, no expression of PD-L1. **e**, **f** Immunostaining of CD8: E, CD8 expression score of + 2; F, CD8 expression scores of 0 and + 1

Correlation between the expression levels of PD-1, PD-L1, and CD8 in cervical adenocarcinoma {#Sec9}
--------------------------------------------------------------------------------------------

We observed a significant inverse correlation between PD-1 expression and CD8 expression on the tumor-infiltrating lymphocytes (*p* = 0.001, chi-square test; Table [2](#Tab2){ref-type="table"}a). We also found a significant inverse correlation between PD-L1 expression and CD8 expression in the tumor-infiltrating lymphocytes (*p* = 0.027, chi-square test; Table [2](#Tab2){ref-type="table"}b). Furthermore, PD-1 expression was significantly positively correlated with PD-L1 expression in the tumor-infiltrating lymphocytes (*p* = 0.029, chi-square test; Table [2](#Tab2){ref-type="table"}c).Table 2Relationship between PD-1 expression and CD8 expression2aParameterPD-1 positivePD-1 negative*p* value*n* = 23*n* = 59CD8 *n*, %0.001Positive9 (39.1)46 (78.0)Negative14 (60.9)13 (22.0)2b. Relationship between PD-L1 expression and CD8 expressionParameterPD-1 positivePD-1 negative*p* value*n * = 16*n * = 66CD8 *n*, %0.027Positive7 (43.8)48 (72.7)Negative9 (56.7)18 (27.3)2c Relationship between PD-1 expression and PD-L1 expressionParameterPD-1 positivePD-1 negative*p* value*n * = 16*n * = 66PD-1 *n*, %0.029Positive8 (50.0)15 (22.7)Negative8 (50.0)51 (77.3)

There was no significant correlation between the expression levels of PD-1, PD-L1, and CD8 and the clinicopathological factors examined (Supplementary Table 1a--c).

Correlation between the prognosis of cervical adenocarcinoma and the expression levels of PD-1, PD-L1, and CD8 {#Sec10}
--------------------------------------------------------------------------------------------------------------

Cervical adenocarcinoma patients with PD-1 lymphocyte positivity had worse overall survival (*p* = 0.031, log-rank test, Fig. [2](#Fig2){ref-type="fig"}a) as well as worse progression-free survival (*p* = 0.087, log-rank test, Fig. [2](#Fig2){ref-type="fig"}a) compared with patients with PD-1 expression negativity. Cervical adenocarcinoma patients with PD-L1 positivity did not have a significantly worse progression-free survival and overall survival (*p* = 0.791, log-rank test. *p* = 0.665, log-rank test, Fig. [2](#Fig2){ref-type="fig"}b) compared with adenocarcinoma patients with PD-L1 negativity (Fig. [2](#Fig2){ref-type="fig"}b). Cervical adenocarcinoma patients with CD8-positive lymphocytes also did not have a significantly worse progression-free survival and overall survival (*p* = 0.383, log-rank test. *p* = 0.306, log-rank test, Fig. [2](#Fig2){ref-type="fig"}c) compared with adenocarcinoma patients without CD8-positive lymphocytes (Fig. [2](#Fig2){ref-type="fig"}c).Fig. 2**a**--**c** Kaplan--Meier analysis of progression-free and overall survival associated with each immune-checkpoint-related molecular. **a** Kaplan--Meier analysis of progression-free survival and overall survival between the PD-1(+) group and PD-1(−) group. **b** Kaplan--Meier analysis of progression-free survival and overall survival between the PD-L1( +) group and PD-L1(−) group. **c** Kaplan--Meier analysis of the progression-free survival and overall survival between the CD8(+) group and CD8(−) group

Univariate analysis of the prognostic factors in patients with cervical adenocarcinoma {#Sec11}
--------------------------------------------------------------------------------------

There were no significant differences in the progression-free survival (PFS) or overall survival (OS) between the positive and negative PD-1 cases. Similarly, there were no differences in PFS and OS between positive or negative CD8 and PD-1 cases. Tumor size and metastatic invasion of the lymph-vascular space were the only parameters significantly correlated with PFS and OS of the patients (Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}).Table 3Univariate and multivariate analyses of progression-free survival using a Cox proportional hazards model in patients with cervical adenocarcinomaFactorsPatientsUnivariate analysisMutivariate analysis*n*HR95% CI*p* valueHR95% CI*p* valueAge (y) \< 60580.5520.236--1.2930.171 ≥ 6024RefFIGO stage \< IIB580.1940.081--0.464 \< 0.0001Ref ≥ IIB24Ref1.1010.320--3.7870.879Histology Non-gastric type690.8190.277--2.4220.819 Gastric type13Tumor size (mm) \< 40500.1350.050--0.3690.00010.180.046--0.7020.013 ≥ 4032RefRefMetastasis pelvic lymph node Negative650.3790.162-.08890.0260.5830.147--2.3070.442 Positive17RefRefMetastasis paraaortic lymph node Negative790.2090.061--0.7070.0120.2350.012--4.6870.343 Positive3RefRefMetastasis distance Negative810.0780.009--0.6440.0180.4540.042--4.9410.517 Positive1RefRefMetastasis LVI Negative290.4530.087--2.3530.0040.0350.003--0.3870.005 Positive39RefRefPD-1 Negative59RefRef Positive232.7560.815--9.3190.1031.7910.408--7.8540.44PD-L1 Negative66RefRef Positive161.1530.391--3.4200.7926.2510.610--64.0770.123CD8 Negative27Ref0.5070.118--2.1700.36 Positive551.5120.591--3.8720.388RefTable 4Univariate and multivariate analyses of overall survival using a Cox proportional hazards model in patients with cervical adenocarcinomaFactorsPatientsUnivariate analysisMutivariate analysis*n*HR95% CI*p* valueHR95% CI*p* valueAge (y) \< 60580.580.233--1.4460.243 ≥ 6024RefFIGO stage \< IIB580.2220.087--0.5650.0020.9680.284--30300.958≥ IIB24RefRefHistology Non-gastric type690.670.222--2.0210.477 Gastric type13RefTumor size (mm) \< 40500.1680.060--0.4680.0010.1710.036--0.8120.026 ≥ 4032RefRefMetastasis pelvic lymphnode Negative650.5150.202--1.3090.163 Positive17RefMetastasis paraaortic lymphnode Negative790.3210.074--1.4050.131 Positive3RefMetastasis distance Negative810.0260.002--0.2830.0030.1020.009--1.2050.07 Positive1RefRefMetastasis LVI Negative290.0530.007--0.4160.0050.0340.002--0.5210.015 Positive39RefRefPD-1 Negative59RefRef Positive236.7650.903--50.7050.0635.3110.549--51.3770.149PD-L1 Negative66RefRef Positive161.3310.382--2.1960.6672.4140.439--13.2640.311CD8 Negative27Ref0.2860.055--1.4980.139 Positive551.6940.609--4.7100.313Ref

Discussion {#Sec12}
==========

The present study reports two major findings: First, we revealed a significant inverse correlation between PD-1 and CD8 expression levels of tumor-infiltrating lymphocytes. We also found a significant inverse correlation between PD-L1 expression and CD8 expression on tumor-infiltrating lymphocytes. These findings have already been demonstrated in previous studies on ovarian cancer \[[@CR6]\] and other malignant tumors \[[@CR7], [@CR8]\]. In cervical adenocarcinoma, tumor cells expressing PD-L1 may be protected from the destructive activity of CD8 + lymphocytes. The reduction of CD8 expression levels may not be the only mechanism by which PD-L1 promotes tumor immune escape. It may be possible that PD-L1 on tumor cells induces functional impairment of tumor-specific T cells without reducing their CD8 levels, as reported for antiviral T cells \[[@CR9], [@CR10]\]. A recent meta-analysis study concluded that the correlations between the survival of cancer patients and the expression of PD-L1 vary among different tumor types \[[@CR11]\].

Second, we showed that the high expression level of PD-1 is associated with a poor prognosis in cervical adenocarcinoma patients (Fig. [2](#Fig2){ref-type="fig"}a). Some previous studies showed no significant difference between the expression levels of immune-checkpoint associated proteins and the prognosis of cervical adenocarcinoma patients \[[@CR12]\]. However, the results of these studies were controversial \[[@CR13]\]. In the current study, the level of CD8 on tumor-infiltrating lymphocytes was not found to be associated with a favorable prognosis. A similar result was reported in a previous study on cervical squamous cell carcinoma and adenocarcinoma \[[@CR14]--[@CR16]\].

We also observed a significant correlation between high PD-1 expression levels and worse overall survival of cervical adenocarcinoma patients. The expression levels of PD-L1 and CD8 were not significantly correlated with the patients' prognosis. The overexpression of PD-L1 on tumor cells might inhibit the activity of CD8-expressing lymphocytes in the microenvironment of the tumor. Previous studies suggested that CD8 + lymphocytes could not engage with PD-L1-positive tumor cells. Therefore, the expression levels CD8 and PD-L1 are expected to be inversely correlated \[[@CR6], [@CR8]\].

If we use PD-1 inhibitor for cervical adenocarcinoma patients with high PD-1 expression, their immune activity against tumor cells would recover and may decrease the size of the tumor. Future research on biomarkers that predict response to checkpoint blockade immunotherapies could increase their durable responses. It is known that PD-1 in combination with PD-L1 and PD-L2 decreases the activity of the CD8-positive killer T cells. Therefore, the diminished T cell activity may be recovered by inhibiting the PD-1 signal using the anti-PD-1 antibody, and the function of the CD8-positive cell will be restored. In the current study, the expression of PD-1, PD-L1 and CD8 may serve as a marker for the use of immune checkpoint inhibitors as the initial treatment \[[@CR17], [@CR18]\].

The combination therapy with anti-cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) antibody and anti-PD-1 antibody was approved for use for unresectable malignant melanoma by the FDA in America in 2015 \[[@CR19], [@CR20]\]. In addition, it was noted that the regulatory T cells (Treg cells) and immunosuppressive cells, such as myeloid-derived suppressor cells (MDSCs), were decreased with a certain anticancer agent. Cyclophosphamide (CP) and 5-FU are among the representative anticancer drugs that decrease the Treg cell activity \[[@CR21], [@CR22]\]. Gemcitabine (GEM) and docetaxel (DOC) are also known to control the Treg cell activity \[[@CR23]\]. I Chemotherapeutic agents, such as 5-FU and gemcitabine, may be used during the initial treatment in combination with the immune checkpoint inhibitors due to the associated immunomodulatory effects in patients with low CD8 expression because 5-FU and gemcitabine increase the efficacy of the activity of the CD8-positive T cells through their cytotoxic effect \[[@CR24]--[@CR26]\]. Furthermore, vascular endothelial growth factor (VEGF) is known for its growth-promoting function with respect to the regulatory Treg cells. Therefore, the treatment that targeted VEGF and VEGF receptor (VEGFR) could inhibit the Treg activity and help augment the effect of tumor immunity. For example, the anti-VEGFR2 antibody could control the increase in the Treg activity \[[@CR27], [@CR28]\]. Additionally, the combination therapy with anti-VEGF antibody and with immune checkpoint inhibitors was evaluated in clinical trial, its positive effects have been identified \[[@CR29]--[@CR32]\]. In the previous report, we also suggested the use of combination therapy with immune checkpoint inhibitors and conventional chemotherapeutic agents, like VEGF inhibitors, and poly ADP-ribose polymerase (PARP) inhibitors \[[@CR33]\].

There are some limitations to our study. The first limitation is that we investigated the expression levels of PD-1 and CD8 on lymphocytes only using immunohistochemical analysis. Although previous studies also used this strategy, it was difficult to determine the expression levels when there were only a few lymphocytes in the tumor microenvironment. For example, unlike that in endometrial carcinoma, the number of tumor-infiltrating lymphocytes is small in gynecological malignant tumors, such as ovarian carcinoma and cervical carcinoma. Thus, it was difficult to determine the expression levels of proteins in these lymphocytes.

Another limitation was that we did not count lymphocytes separately in the tumor epithelium and tumor stroma as was done in previous studies \[[@CR12], [@CR13]\]. As we speculated that the function of tumor-infiltrating lymphocytes is not different in the epithelium and stroma, in the current study, we counted together the lymphocytes in both sections. In future studies, it is necessary to count lymphocytes individually in the stroma and epithelial sections.

Furthermore, the use of PD-L2 antibodies has recently been suggested as a new strategy of immune-checkpoint therapy \[[@CR34]\]. The expression level of PD-L2 has already been examined in some tumors. Furthermore, some studies demonstrated that anti-PD-L1 plus anti-PD-L2 therapy has improved antitumor effects \[[@CR35]\].

Finally, as many cervical adenocarcinoma patients still have a poor prognosis, it is essential to develop new immunotherapies for the treatment of this cancer.

Electronic supplementary material
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Below is the link to the electronic supplementary material.Supplementary file1 Supplementary Table 1 a. b. c. Relationship between the patients' clinicopathological factors and immune-checkpoint-related molecules according to the Chi-square test. a: Relationship between the patients' clinicopathological factors and PD-1. (XLSX 13 kb)Supplementary file2 b: Relationship between the patients' clinicopathological factors and PD-L1. (XLSX 13 kb)Supplementary file3 c: Relationship between the patients' clinicopathological factors and CD8. There was no significant correlation between these factors and immune-checkpoint-related molecules. (XLSX 13 kb)

PD-1

:   Programmed cell death-1

PD-L1

:   Programmed cell death-ligand 1

CA

:   Cervical adenocarcinoma

ICI

:   Immune-checkpoint inhibition

LVI

:   Lymphovascular invasion

RT

:   Radiotherapy

CT

:   Chemotherapy

CTLA-4

:   Cytotoxic T-lymphocyte-associated antigen-4

Treg cell

:   Regulatory T cell

MDSCs

:   Myeloid-derived suppressor cells

CP

:   Cyclophosphamide

GEM

:   Gemcitabine

DOC

:   Docetaxel

VEGF

:   Vascular endothelial growth factor

PARP

:   Poly-ADP-ribose polymerase

**Publisher\'s Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

The authors wish to thank the Department of Pathology for supporting this work.

Masako Ishikawa and Kentaro Nakayama drafted the manuscript. Kohei Nakamura, Hitomi Yamashita, Tomoka Ishibashi, Toshiko Minamoto, Koji Iida, Noriyoshi Ishikawa, and Sultana Razia carried out the IHC studies. Kentaro Nakayama participated in the design of the study. Satoru Nakayama, Yoshiro Otuski, Noriyoshi Ishikawa carried out the pathological diagnosis. Satoru Kyo conceived of the study, participated in its design and coordination, and helped in drafting the manuscript. All authors have read and approved the final manuscript. Masako Ishikawa: project design and development, date collection, and manuscript writing. Kentaro Nakayama: project design and development and manuscript editing. Kohei Nakamura: data management. Hitomi Yamashita: data collection. Tomoka Ishibashi: data collection. Toshiko Minamoto: data collection. Kouji Iida: experiment of IHC. Sultana R: experiment of IHC. Noriyoshi Ishikawa: pathological diagnosis. Satoru Nakayama: data collection. Yoshiro Otuski: pathological diagnosis and data collection. Satoru Kyo: project coordination and manuscript editing. All authors have read and approved the final manuscript.

Not applicable.

The authors declare that they have no conflicts of interest.

The acquisition of tumor tissues was approved by the Shimane University Institutional Review Board (IRB no. 20070305-1 and no. 20070305-2).

After an appropriate explanation, patients who could provide written informed consent for the procedure and for participation in the study. For the patients who could not come to hospitals again, we had clearly announced that the opportunity to opt out is always available to patients by taking measures such as, carrying the information on the opportunity to opt out on its website, as well as making arrangements so that patients can opt out via the website at any time.
